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Abstract

The raccoon dog (Nyctereutes procyonoides) is an East Asian Canid that has been introduced in Europe. Introduction of alien
species is an increasing conservation issue. We examined the diet of a recently established raccoon dog population in Denmark by
analysing stomach content in 249 carcasses collected in 2008—-2016. Raccoon dog diet was compared to the diet of native badger
(Meles meles) and red fox (Vulpes vulpes) in Denmark. The most common food for raccoon dogs were invertebrates (frequency of
occurrence, FO 69%), small mammals (FO 68%), birds (FO 41%), fruits (FO 38%), amphibians (FO 36%) and carrions (FO 34%).
The occurrence of invertebrates was highest during spring and summer, while fruits, cereals and carrions were eaten most often
during autumn and winter. As expected, raccoon dog shared the major food categories with badger and red fox, but generally, it had
a wider dietary niche. Overall, dietary overlap between raccoon dog and badger was 0.74 (Pianka index, Oy). The dietary overlap
with red fox was relatively high in all seasons, peaking in summer (O, 0.87) and dropping in winter (O 0.79). Despite the dietary
overlap between the alien racoon dog and native red fox and badger, the species may coexist due to partitioning of feeding habitats
and/or because the red fox is limited by other factors, e.g. diseases and anthropogenic activities. The introduced raccoon dog seems
to fit a dietary niche between badger and red foxes in human-dominated landscapes in north-western Europe.
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Introduction (Allendorf and Lundkvist 2003; Simberloff et al. 2013).

Alien species may cause population declines of native species

Introduction of species outside their natural distribution range
may pose a risk to native species and ecosystems, and is
regarded as an increasing conservation issue globally

Communicated by: Rafat Kowalczyk

<l Morten Elmeros
elm@bios.au.dk

Department of Bioscience, Wildlife Ecology Group, Aarhus
University, Grenavej 14, 8410 Reonde, Denmark

Department of Chemistry and Bioscience, Section of Biology and
Environmental Science, Aalborg University, Fredrik Bajers Vej 7H,
9220 Aalborg @, Denmark

Present address: School of Biological Sciences, Monash University,
Melbourne 3800, Australia

4 Aalborg Zoo, Melleparkvej 63, 9000 Aalborg, Denmark

National Veterinary Institute, Technical University of Denmark,
Henrik Dams All¢é, 2800 Kongens Lyngby, Denmark

through displacement and competition (Maran et al. 1998;
Ikeda et al. 2004), predation (Ferreras and Macdonald 1999;
Nordstrom et al. 2003; Salo et al. 2010), behavioural interfer-
ence and introduction of new diseases (Sainsbury et al. 2000;
Holdich et al. 2009), and introgression (Bowman et al. 2017).

The raccoon dog (Nyctereutes procyonoides) is an East-
Asian carnivore that was introduced in large numbers in
Eastern Europe as a fur game from the late 1920s and is bred
in fur farms (Kauhala and Kowalczyk 2011). The species rap-
idly established a viable population in Europe that has
colonised most of Eastern and Northern Europe. Escapees
from fur farms may have supplemented the populations and
enhanced dispersal and establishment of the species (Nowak
1984; Mulder 2012). Fur farming of raccoon dog was intro-
duced in Denmark in the 1970s. Since 1980, free ranging
raccoon dogs have been recorded sporadically (Asferg 1991;
Baaggee and Ujvari 2007). These individuals were assumed to
be escapees from fur farms and other domestic stocks. In
2008-2009, the number of raccoon dog observations
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increased substantially in a small area in the western parts of
Denmark indicating that a population had established (Sunde
and Elmeros 2016). The Danish population was founded by
escapees from farms and domestic stocks, but supplementa-
tion by animals from the expanding population in Germany
occurs (Drygala et al. 2016; Nergaard et al. 2017).

The raccoon dog has an omnivorous diet that typically in-
cludes small mammals, birds, invertebrates, fruits and cereals,
amphibians and carrions (Sasaki and Kawabata 1994; Hirasawa
et al. 2006; Sutor et al. 2010; Kauhala and Kowalczyk 2011;
Koike et al. 2012; Takatsuki et al. 2018). The species’ feeding
behaviour is very opportunistic, and the diet varies temporarily
and spatially according to the seasonal availability of food items
and habitat diversity. In its native distribution range in eastern
Asia, the raccoon dog coexists with red fox (Vulpes vulpes),
Asian badger (Meles leucurus) and Japanese badger (Meles
anakuma) (Wilson and Mittermeier 2009). Compared to the
naturally sympatric carnivores in eastern Asia, the raccoon
dog fed on invertebrates, fruits and other edible plants more
frequently than the red fox which has a more carnivorous diet,
while badgers are more reliant on earthworms than sympatric
raccoon dog (Yamamoto 1994; Kaneko et al. 2006; Wilson and
Mittermeier 2009; Koike et al. 2012).

The opportunistic and adaptive feeding behaviour of rac-
coon dog has been assumed to be an important factor for the
species’ success following the introduction in Europe
(Kauhala and Kowalczyk 2011). The colonisation of Europe
by raccoon dog has raised concern that it may impact the
status of native carnivore as the European badger (Meles
meles, hereafter badger) and the red fox negatively through
food competition (Skov- og Naturstyrelsen 2010; European
Environmental Agency 2012; Kowalczyk 2014). The raccoon
dog is also feared to have a negative impact on the population
status of prey species, e.g. amphibians and wetland birds as
has been documented for American mink (Neovison vison)
(Ferreras and Macdonald 1999; Nordstrom et al. 2003; Salo
et al. 2010). Furthermore, the raccoon dog can serve as a
reservoir and vector for parasites and diseases, e.g.
Echinococcus multilocularis, Sarcoptes scabeii, Trichinella
spp. and rabies (Kauhala and Kowalczyk 2011; Al-Sabi
et al. 2013; Siild et al. 2014). Raccoon dog has been deemed
as invasive in Europe although significant impacts on native
species or ecosystems have yet to be documented (Kauhala
and Kowalczyk 2011; European Environmental Agency
2012; Mulder 2012; European Commission 2014).

Knowledge on introduced species’ ecology is essential to
understand their interactions with native species and effects on
ecosystems and to decide on efficient management and con-
servation actions. The diet of introduced raccoon dog and
potential dietary overlap with native generalists carnivores,
e.g. badger and red fox, has primarily been studied in wetlands
and forested areas in Eastern and Central Europe (e.g. Barbu
1972; Kauhala et al. 1998; Baltrunaite 2002; Sidorovich et al.
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2008; Drygala et al. 2013). Landscape composition may in-
fluence dietary overlap and potential food competition be-
tween species, increasing in managed areas with low habitat
variability (Pianka 1974; Kauhala and Thalainen 2014). The
objectives for this study were to (1) analyse the diet of the
newly established raccoon dog population and (2) to compare
its diet and estimate dietary overlap with native badger and red
fox (Laursen 2002; Madsen et al. 2002) intensively human-
modified landscapes in Denmark in the temperate reaches of
north-western Europe. We assume that the raccoon dog forage
on a broad spectrum of foods and that it has a wider dietary
niche than the native badger and red fox in Denmark (Laursen
2002; Madsen et al. 2002). Furthermore, we assume higher
dietary niche overlap and potential food competition with red
fox, particularly during winter as raccoon dog is not expected
to be dormant in winter in the temperate climates (Kauhala
et al. 1998; Zoller and Drygala 2013).

Materials and methods
Samples

The diet of raccoon dogs was analysed in carcasses collected in
the period 2008-2016 in agricultural landscapes and wetlands
on the Jutland peninsular, Denmark (55°-57° N, 8°~10° E). The
sampling area comprises intensively human-dominated land-
scapes, consisting of 62% agriculture, 13% urban areas and
infrastructures, 12% forest and 11% uncultivated areas (wet-
lands, heathers, fens, etc.) (Normander et al. 2009). Winter cli-
mate is mild with average temperatures between 0 and 1 °C
(www.dmi.dk). Raccoon dog carcasses were submitted to the
National Veterinary Institute by game managers, hunters and
naturalists to monitor the occurrence of zoonotic parasites. The
stomach was sampled and stored at —20 °C. Location, date,
gender, season and cause of death were recorded upon
reception (Table 1). Seasons were defined as spring, March—
May; summer, June—August; autumn, September—November;

Table 1  Seasonal distribution and gender of all examined raccoon dogs
(Nyctereutes procyonoides) collected between 2008 and 2016 in
Denmark

Females Males Unknown Total

Overall 111 127 11 249
Season

Spring 11 17 1 29
Summer 34 31 1 66
Autumn 38 43 6 87
Winter 15 17 2 34
Unknown 13 19 1 33
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and winter, December—February. The raccoon dogs were mainly
road kills or culled as part of a National Raccoon Dog Action
Plan (Skov- og Naturstyrelsen 2010). Individuals that were
culled using bait stations and traps were excluded in the diet
analysis as the stomach content would represent wildlife man-
agers bait selection, rather than the raccoon dogs food selection.
The individuals included in the diet analyses were assessed as
adult and subadult based on their weight (> 2 kg).

Diet analysis

The stomach contents of the raccoon dogs were emptied into a
20-cm diameter 1-mm sieve and gently rinsed with running
water. The total weight and volume of the content was gauged
before rinsing. Different types of food were separated and
categorised macroscopically as rodents, insectivores, ungu-
lates, other mammals (e.g. mustelids, lagomorphs and uniden-
tified mammals), birds, amphibians, fish, invertebrates, cereals
and fruits. The percentage volume of each category was esti-
mated for each stomach. Food items were stored in 70% etha-
nol for later identification. Mammalian prey was identified to
species, genus or order from the cuticular, cell structure and
cross section of guard hairs (Teerink 1991) and teeth if present
(Jensen 1993). Feathers were determined to order following
Day (1966). Amphibians, reptiles, insects, vegetation and larg-
er undigested body parts of mammals and birds were identified
from field guides and reference collections (Jensen 1993; Fog
et al. 1997; Toft 2010). Fruits and cereals were classified as
food items, while other plant materials, e.g. fragments of grass,
leaves and coniferous needles, were classified as non-food
(Drygala et al. 2013). Carrions and unidentified matters include
skin without hair, feathers or other characteristics, large bones
and tissues. Unidentified tissues were characterised as carrions,
if maggots were present. Anthropogenic materials (e.g. plastic
and rope) and a few raccoon dog hairs occurred in some
stomachs (4.4 and 15.3%, respectively). Raccoon dog hair,
anthropogenic materials and non-food plants (present in
72.3% of stomachs) were presumed to have been ingested in-
cidentally during grooming or along with the actual food items,
and hence not classified as diet.

Statistical analyses

The diet was estimated as frequency (FF: number of
stomachs with a food item), frequency of occurrence (FO:
percentage of occurrence of food items in non-empty
stomachs) and percentage volume (vol%) of different food
categories and species in non-empty stomachs. The statistical
error of the frequency of occurrence for each food category
and species was estimated by binary logistic regression (Proc
logistic in SAS 9.4 with logit link function). Means and 95
percentile range confidence intervals of percentage volume of
non-empty stomachs were calculated from 10,000 replicate
bootstrap estimates (Reynolds and Aebischer 1991; Krebs
1999). Dietary differences between gender and season were

tested with y? tests of frequency of occurrence and non-
parametric Wilcoxon (Wc) and Kruskal-Wallis (K-W) tests
of percentage volume of the different food categories.

The dietary niche width was estimated by the Levin’s index
(B) and the standardised Levin’s index (B,,,):

B=1/Y p? and
Bstd - (B_ 1)/(Bmax_ 1)7

where p; is the proportion of each food category i and B, is
the maximum food categories (Krebs 1999).

Niche overlap between the species was estimated as the
Pianka index (Op);

2Py Pi
\ ZaPi Pk

where p;; og pi is the proportion of food category i in the
species j and k, and # is the total number of food categories.
Sex and seasonal variances in raccoon dog dietary niche width
were compared with Wilcoxon and Kruskal-Wallis tests.

Badger and red fox diets were estimated from undigested
food items in the gastro-intestine tract from carcasses collect-
ed in rural Denmark, primarily from Jutland (Laursen 2002,
Madsen et al. 2002). The food categories ‘rodents’ and insec-
tivores’ were combined as small mammals (rodents and insec-
tivores <500 g), and ‘fish’ was included in the carrions/
unidentified category for comparison of the diet with badger
and red fox and estimation of dietary niche widths and niche
overlap. Laursen (2002) presented seasonal diet on red foxes
enabling seasonal estimates of dietary niche overlap between
raccoon dog and red fox. The dietary niche overlap between
badger and raccoon dog was estimated for the overall annual
food composition, as seasonal data were not presented by
Madsen et al. (2002). The overall seasonal distribution of the
analysed badgers was similar to the seasonal distribution of
analysed raccoon dogs. Dietary differences between raccoon
dog, badger and red fox were compared with x? tests of fre-
quency of occurrence of the major food categories. Statistical
analyses were performed in SAS 9.4 and SAS Enterprise
(SAS Institute Inc., Cary, USA).

O =

Results
General food composition

A total of 249 raccoon dog stomachs were examined. Forty-
seven of the stomachs were empty. Overall, rodents and
carrions/unidentified tissues, birds, fruits, invertebrates and
amphibians made up the major food categories, all compris-
ing more than 10% of the volume of the diet (Table 2). Voles
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Table 2 Diet composition of 249

raccoon dogs collected 2008— FF FO FO 95% Cl vol% vol% 95% C1
2016 in Denmark. Prey remains
in the stomach were estimated as Rodents 91 45.0 38.3-52.0 15.9 15.8-19.5
frequency (FF), frequency of Cricetidae 66 32.7 26.6-39.4 12.3 12.1-15.6
oceurrence as percentage of non- Bank vole 15 7.4 4.5-12.0 3.5 3.3-5.4
empty stomachs (FO), and per-
centage of volume in non-empty Water vole 2 1.0 0.2-3.9 0.2 0.2-0.3
stomachs (vol%). 95% CI 95% Microtus sp. 31 15.3 11.0-21.0 6.2 6.1-8.6
confidence intervals. Main food Unid. Cricetidac 18 8.9 5.7-13.7 2.4 23-38
categories are marked in italics Muridae 19 9.4 6.1-143 37 3047
Apodemus sp. 7 35 1.7-7.1 0.8 0.7-1.3
Rattus sp. 4 2.0 0.7-5.2 1.0 0.9-1.7
House mouse 1 0.5 0.1-34 0.5 0.5-1.0
Unid. Muridae 8 4.0 2.0-7.7 0.9 0.8-1.7
Unid. rodent 15 74 4.5-12.0 0.6 0.5-0.9
Insectivores 46 22.8 17.5-29.1 6.3 6.2-8.5
Hedgehog 1.0 0.2-3.9 0.3 0.3-0.6
Mole 4.0 2.0-7.7 22 2.1-3.8
Soricidae 29 144 10.2-19.9 33 3.2-4.6
Unid. Insectivore 8 4.0 2.0-7.7 0.5 0.4-0.9
Ungulates 19 9.4 6.1-14.3 3.2 3.0-5.0
Other and unid. mammals 12 59 3.4-10.2 1.1 1.1-2.0
Birds 83 41.1 34.5-48.0 13.1 12.9-16.7
Galliformes 4 2.0 0.7-5.2 0.9 0.8-1.8
Anseriformes 19 94 6.1-14.3 4.6 4.5-6.9
Ralliformes 4 2.0 0.7-5.2 0.6 0.5-1.2
Columbiformes 1 0.5 0.1-34 0.2 0.2-04
Charadiiformes 2 1.0 0.2-3.9 0.6 0.6-1.3
Passeriformes 25 12.4 8.5-17.7 3.8 3.6-5.7
Unid. bird 31 15.3 11.0-21.0 2.3 2.2-3.8
Egg shells 1 0.5 0.1-3.4 <0.1 0.0-0.1
Amphibians 72 35.6 29.3-42.5 10.8 10.7-13.7
Anura 72 35.6 29.3-42.5 10.5 10.3-13.3
Caudata 2 1.0 0.2-3.9 0.3 0.3-0.7
Reptiles 4 2.0 0.7-5.2 0.3 0.3-0.7
Lacertidae 1 0.5 0.1-34 <0.1 0.0-0.1
Slow worm 1 0.5 0.1-34 <0.1 0.0-0.1
Grass snake 2 1.0 0.2-3.9 0.3 0.3-0.5
Fish 7 3.5 1.7-7.1 0.7 0.6-1.3
Invertebrates 140 69.3 62.6-75.3 12.8 12.6-16.1
Coleoptera 96 47.5 40.7-54.4 6.7 6.5-9.0
Other adult insects 25 12.4 8.5-17.7 1.0 1.0-1.9
Maggots 25 12.4 8.5-17.7 0.9 0.8-1.5
Other larva 12 59 3.4-10.2 1.0 0.9-1.8
Gastropodae 14 6.9 4.1-114 14 1.3-25
Earthworms 70 34.7 28.4-41.5 1.8 1.7-2.8
Cereals 59 292 23.4-35.8 82 8-10.9
Triticeae 36 17.8 13.1-23.7 4.0 3.9-6.0
Zea mays 28 13.9 9.7-19.3 42 4.1-6.1
Fruits 77 38.1 31.7-45.0 12.6 12.4-15.8
Prunus sp. 52 25.7 20.2-32.2 72 7.1-9.6
Malus sp. 20 9.9 6.5-14.8 32 3.149
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Table 2 (continued)

FF FO FO 95% CI vol% vol% 95% C1

Crataegus sp. 1 0.5 0.1-34 0.1 0.1-0.2
Rosa sp. 2 1.0 0.2-3.9 0.1 0.1-0.2
Rubus sp. 6 3.0 1.3-6.5 1.1 1.0-2.2
Fragaria sp. 1 0.5 0.1-34 <0.1 0.0-0.1
Sorbus sp. 2 1.0 0.2-3.9 0.3 0.2-0.5
Quercus sp. 1 0.5 0.1-34 <0.1 0.0-0.1
Unident. fruits 9 4.5 23-83 0.5 0.5-0.9
Sea weed 1 0.5 0.1-3.4 <0.1 0.0-0.1

Carrions and unid. 68 337 27.5-40.5 14.7 14.5-18.4
Total number of stomachs examined 249

Non-empty stomachs 202

(Cricetidae) were the most important small mammalian prey
group (FO 32.7%, 12.3 vol%) followed by shrews (FO
14.4%, 3.3 vol%). Passeriformes and Anseriformes had the
highest occurrence among the birds (FO 12.4% and FO 9.4%,
respectively). One stomach contained feet from a minimum
of nine young gulls indicating predation on flightless
chickens, and another stomach contained egg shells. This
latter individual was killed in January. Frogs and toads made
up most of the amphibian prey (FO 35.6%). However, a
stomach from one raccoon dog killed in September contained
33 smooth newts (Lissotriton vulgaris). Reptiles were only
recorded sporadically (FO 2.0%). Invertebrates were the most
commonly recorded food category (FO 69.3%), but it made
up a small volume ( 12.8 vol%). Beetles (Coleoptera) and
earthworms (Lumbricidae) were the most regularly ingested
invertebrates: FO 47.5 and 34.7%, respectively. Fifty-four
percent of the stomachs contained fruits or cereals. These
were mainly Malus fruits (FO 25.7%), Prunus berries (FO
9.9%), cereal grains (FO 17.8%) and maize (FO 13.9%).

Seasonal variation and dietary niche width

The frequency of occurrence and percentage of volume of
some of the raccoon dog major food categories varied season-
ally (Fig. 1). The occurrence and percentage volume of inver-
tebrates were highest during spring and summer (x? test, FO
X3 =15.63, P<0.01; K-W, vol% x3 =30.39, P<0.001),
while cereals and fruits were most important during summer
and autumn (cereals FO x3 =9.28, P<0.05, vol% X3 =

10.68, P<0.05; fruits FO x3 =17.66, P<0.001, vol% x3

=19.97, P<0.001). The occurrence and percentage volume
of carrions/unidentified tissues increased during autumn and
winter (FO x3 =8.08, P<0.05; vol% x3 =8.08, P<0.05),
while small rodents were stable food item during the whole
year. There was a tendency for wider dietary niche for indi-
vidual raccoon dog during autumn and winter than during

spring and summer (Byy (mean + SE), spring 0.21 £0.17;
summer 0.25+0.18; autumn 0.32 +0.19; winter 0.29 +£0.23,
K-W, x3 =6.89, P=0.075).

The seasonal distribution of examined males and females
was similar (Table 1, thest, X% =1.93, P=0.59), and there
were no differences in the frequency of occurrence or percent-
age volume of any of the individual food categories in the
males and females. The dietary niche widths of the two gen-
ders were similar (Byq mean + SE, males 0.26 +0.19; females
0.29+0.19, We, Z=0.90, P=0.37).

Dietary niche overlap with badger and red fox

Raccoon dog shares major food categories with badger (small
mammals, invertebrates and cereals) and red fox (small mam-
mals, birds and fruits) (Tables 3 and 4). However, raccoon
dogs ate small mammals, birds, amphibians and reptiles, and
fruits more frequently than badgers (x*test FO small mam-
mals y? =17.40, P<0.001; birds x3 =28.28, P<0.001; am-
phibians and reptiles x7 =7.10, P<0.01; fruits x7 =20.87,
P <0.001), while badgers ate invertebrates more frequently
than raccoon dogs (arthropods and gastropods x7 =38.81,
P <0.001; earthworms X% =38.81, P<0.001). Invertebrates
also made up a larger volume in badgers than in raccoon dogs
(arthropods and gastropods 16.0 vol%; earthworms
29.5 vol%). Raccoon dogs regularly consumed amphibians
and reptiles and cereals, which was not recorded in red foxes.
Raccoon dogs fed on invertebrates more frequently than red
fox in all seasons (spring X% =9.65, P<0.01; summer X% =
12.93, P<0.001; autumn x% =17.93, P<0.001; winter X%
37.91, P<0.001). During autumn, raccoon dogs also fed on
birds and fruits more often than red fox (birds x} =5.76,
P <0.05; fruits x? =5.06, P<0.05).

Overall, raccoon dogs had a wider annual dietary niche
(B 0.91) than badger (Bgq 0.52) and a wider dietary niche
width than the red fox in all seasons (Table 4). The dietary
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niche overlap between raccoon dog and badger was 0.74.
Seasonal dietary overlap between red fox and raccoon dog
varied from 0.79 to 0.89, peaking during summer.

Discussion

Raccoon dogs had a broad omnivorous diet comprising main-
ly small rodents, birds, amphibians, carrions and fruits in the
intensively human-modified landscape in Denmark. The re-
corded dietary niche and the major food categories of the
species parallel the results from dietary studies in other
European countries and in the species native range (e.g.
Barbu 1972; Sasaki and Kawabata 1994; Kauhala et al.
1998; Hirasawa et al. 2006; Sutor et al. 2010; Koike et al.
2012; Drygala et al. 2013; Siild et al. 2014; Takatsuki et al.
2018). Small rodents and shrews were stable food resources
for raccoon dogs during most seasons in the present study.
Raccoon dogs predate on other prey groups, e.g. birds and
amphibians, when small mammals are scarce and the
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alternative food items are easily available (Sutor et al. 2010;
Kauhala and Thalainen 2014). Ungulate carrions were primar-
ily an important food source in autumn and winter. Raccoon
dogs are probably not capable of killing cervids but may scav-
enge on carcasses. Scavenging on ungulate killed by large
carnivores is an important resource for raccoon dogs during
winter in regions with harsh winter climates (Jedrzejewska
and Jedrzejewski 1998; Sutor et al. 2010). In Denmark, large
predators are essentially absent, but game hunting is wide-
spread during autumn and winter (Asferg et al. 2016), and
offal from the game hunts are available for raccoon dogs.
Furthermore, raccoon dogs may feed on ungulate carcasses
from road kills, which are easily available throughout the year,
but peaks during the late autumn (Elmeros et al. 2014).
Birds were important food category for raccoon dogs in
Denmark. Predation by raccoon dog is often promoted as a
major threat to ground nesting waterfowls (Skov- og
Naturstyrelsen 2010; European Environmental Agency
2012). However, we only found evidence of predation on wild
breeding birds and nestlings in one stomach, while the
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Table3  Overall diet (FO %), dietary niche width, and niche overlap for
raccoon dog (Npro) and badger (Mmel, after Madsen et al. 2002)
Species Npro Mmel
N 202 108
Food category
Small mammals 60.4 352
Ungulates 9.4 0.0
Other mammals 59 8.3
Birds 41.1 93
Amphibians and reptiles 36.1 21.3
Arthropods and gastropods 34.7 78.1
Earthworms 34.7 73.2
Cereals 29.2 36.1
Fruits 38.1 12.0
Others 35.1 1.9
Niche width
Levins (B) 8.30 5.13
Levins std. (Bgq) 0.91 0.52
Niche overlap
Pianka’s index 0.74

observation of eggshells in a raccoon dog from January indi-
cated predation on domestic birds. Less than 1% waterfowl
nest predation in a wetland area of Latvia was caused by
raccoon dogs (Opermanis et al. 2001). Water fowl generally
has a low occurrence in raccoon dog diet (0—5%), but higher
predation rates by raccoon dog have been recorded on islands
(Sutor et al. 2010; Kauhala and Kowalczyk 2011). As ob-
served in other studies from Central Europe, the major group

of birds in the diet of raccoon dogs was passerines (Sutor et al.
2010; Drygala et al. 2013).

Amphibians can be an important prey category for raccoon
dogs during spring and summer in some landscapes (Barbu
1972; Kauhala et al. 1998; Baltrunaite 2002; Sidorovich et al.
2008; Sutor et al. 2010). The high number of smooth newts in
one stomach in the present study suggests predation on am-
phibians at hibernation sites as described for other medium-
sized predators, e.g. otter (Jedrzejewska and Jedrzejewski
1998). Road-killed amphibians may represent an abundant
and easily accessible food source for amphibians, especially
during the amphibian breeding migration period. Kauhala
et al. (1998) suggested that many reptiles are primarily eaten
as carcasses from road kills, since the reptiles typically are
inactive during night when raccoon dogs are foraging.
Predation on reptiles by raccoon dog was more frequent in
Finland and Belarus than recorded in the present study
(Kauhala et al. 1998; Sidorovich et al. 2000; Kauhala and
Thalainen 2014). Thus, a low occurrence of reptiles in the
raccoon dog diet in the heavily modified landscapes with
dense road networks in Denmark may suggest a general
unfavourable status of reptile populations.

Raccoon dog often consumed fruits and cereals, especial-
ly during autumn and winter. Fruits are important food items
throughout the introduced range and in species native Asian
range (Sasaki and Kawabata 1994; Sutor et al. 2010;
Takatsuki et al. 2018). Cereals are also recorded in most
raccoon dog dietary studies, but the present study and stud-
ies in Germany found a relatively high occurrence in all
seasons than other dietary studies from Europe (Sutor et al.
2010; Drygala et al. 2013; Siild et al. 2014). In Denmark,

Table 4 Seasonal food of

raccoon dog (Npro) and red fox Species Spring Summer Autumn Winter

(Vvul) (after Laursen 2002) (FO

%) and overall seasonal dietary Npro Vvul Npro Vvul Npro Vvul Npro Vvul

niche width and niche overlap

between the species N 22 19 62 35 69 67 24 218
Food categories
Small mammals 68.2 63.2 50.0 429 63.8 672 62.5 59.6
Ungulates 13.6 15.8 0.0 20.0 14.5 16.4 16.7 20.2
Other mammals 0.0 53 32 5.7 5.8 6.0 16.7 55
Birds 455 26.3 339 37.1 44.9 254 583 39.9
Amphibians and reptiles 273 0.0 46.8 0.0 333 0.0 25.0 0.0
Invertebrates 63.6 10.5 88.7 54.3 60.9 239 50.0 23
Cereals 18.2 0.0 17.7 0.0 40.6 0.0 292 0.0
Fruits 13.6 15.8 339 37.1 53.6 343 12.5 7.3
Others 18.2 31.6 323 17.1 34.8 9.0 58.3 14.7
Niche width
Levins (B) 5.73 4.49 5.79 5.55 7.35 4.55 7.04 3.82
Levins std. (Bga) 0.59 0.44 0.60 0.57 0.79 0.44 0.75 0.35
Niche overlap
Pianka’s index 0.81 0.87 0.84 0.79
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cereals are widely available for the fauna during most of the
year at game feeding stations, which evidently also benefits
the raccoon dog.

The raccoon dog had a more diverse diet compared to bad-
ger and red fox in our study area as expected. The major food
categories, dietary differences and niche width parallels result
from studies in Central and Northern Europe, where raccoon
dog populations have thrived for decades (Kauhala et al. 1998;
Baltrunaite 2002; Sidorovich et al. 2008; Drygala et al. 2013;
Siild et al. 2014). The seasonal dietary overlap was highest
during summer and lowest during winter, which mirrors ob-
servations on the species’ diet and niche overlap in eastern
Germany (Drygala et al. 2013). This contrast findings in
Eastern and Northern Europe where the seasonal dietary niche
overlaps between red fox and raccoon dog were low in sum-
mer but peaked in winter, when both species may rely heavily
on carrions (Sidorovich et al. 2000; Baltrunaite 2002).

Species with similar ecological requirements may coexist
because niche partitioning according to diet, temporal or spa-
tial habitat use may be allowed and/or because the popula-
tions are limited by other factors than food resources (Wiens
1993; Remonti et al. 2012; Lovari et al. 2013). Despite the
diet overlap between feral raccoon dog and native red fox and
badger, there is little evidence for competitive interaction
among the species (Kauhala et al. 1998; Drygala et al.
2013). Declines in all native predator populations were re-
ported to coincide with an increase in the raccoon dog popu-
lation in Belarus (Sidorovich et al. 2000), but no significant
negative impacts on the populations of red fox and badger
have been detected in e.g. Finland, Poland and Germany,
where the raccoon dog populations are well established
(Kowalczyk et al. 2008; Kauhala and Kowalczyk 2011;
Drygala et al. 2013; www.jagdverband.de, http:/stat.luke.fi).
Potential resource competition is reduced by habitat
partitioning between raccoon dog, red fox and badger and
by winter dormancy by badger and raccoon dog in regions
with severe winter climate (Kauhala and Auttila 2010, Zoller
and Drygala 2013). Furthermore, the populations of the na-
tive species might be limited by other factors than food re-
sources in heavily human-dominated landscapes, e.g. dis-
eases and human activities such as road kills, hunting and
culling (Asferg et al. 2016). Indeed, red fox and the badger
species coexist with racoon dog across Eastern Europe and in
its natural range in East Asia. In conclusion, the alien raccoon
dog may fit a trophic niche between badger and red fox in
north-western Europe.
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